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ABSTRACT 

Refractory gold ores are roasted by means of 
oxygen-containing gases in a circulating fluidized bed at 
temperatures of 5QQ to 75Q°C. The temperature in the lower 
portion of the fluidized bed contained in the reactor is 
adjusted to be U to 3Q°C higher than the temperature in 
the upper portion of the fluidized bed. The fluidlzing gas 
1b caused to flow into the reactor at a velocity of 3D to 
200 m/aec. 
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The present invention relates to a process of roasting 
refractory gold area by means of oxygen-containing qases 
in a fluidized bed. 

Refractory gold ores are ores which cannot direct- 
ly be leached with MaCPJ and which as gold-bearing substan- 
ces contain pyrites, arsenooyrites or pyrites associated 
with more or less organic carbon.' In the processing of 
such materials the leaching with cyanide most be preceded 
by an oxidation of ths contents of sulfur and carbon to 
the hlnhest oossible degree. That oxidation has been effec- 
ted in the oast mainly by roastino. fl ut sulfuric aaid must 
be aroduceri to remove of the fit),,, which is formed by the 
roastino, from the roaster exhaust oas. In mBny cases, how- 
ever, the site of the mine is so unfavorable that the sul- 
furic acid which is produced is rather a ballast. Pesides, 
ths roasting resulted In a clogging of part of the pores of 
the particles by recrystallizerl iron oxides go that the yield 
gf gold was decreased. 

For this reason the oxidation has increasingly 
been effected rrore recently by other processes, such as 
pressure oxidation in an autoclave, bacterial leaching or 
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oxidation by nitric acid or chlorine. The dlcistve dif- 
ference from roasting resides in that in said processes the 
sulfur is directly produced as sulfuric acid and/or iron 
sulfate and must be neutralized with CaCD 3 and CaO before 
the leaching with cyanide. Part of said processes are much 
mure expensive than roasting. 

"Journal of the South African Institute of Mining 
and Metallurgy". Wo 1 - S6 i No - 5 > Ma V 19B6, discloses on 
oages 157 to 160 that flotation concentrates of gold-con- 
taining pyrites can be roasted or pyrolyzed in a fluidized 
bed. The oyrolysls is effected in a fluidized bed which is 
operated with nitrogen ao a floidizing gas and which is heated to 
700 to fl00°C by electric resistance heating. The Seactor 
comorises two concentric tubes. The material is charged in- 
to the annular space and subsides therein and is then raised 
in the inner tube and in part falls back into the outer an-, 
nular space. The sulfur which has been distilled off is con- 
densed. Out the final product of the pyrolysis consists only 
of FeS. Resides, expensive electric power is required to 
produce the heat requtred for the reaction. 

German Patent Specification 26 2.U JO?, diacloaea 
that sulfide ores or ore concentrates can be roasted at 
temperatures between <»50 and 1Z0D°C in a circulating fluidi- 
zed bed system, which is fed with oxypen-containing fluidizing 
gases. Solids are removed from the reactor of the circulating 
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fluidized bed system and are cooled in a separate fluidized 
bed cooler. Part of the cooled solids are recycled to the 
reactor. The heated fluidizing air from the fluidized bed 
cooler is fed as secondary air to the reactor. Information 
on the roasting of refractory gold ores has not been fur- 
nished in connection with that process. 

It is an object of the invention to provide for 
the roasting of refractory gold ores a process which will 
result in an optimum product for the leaching with cyanides 
10 and in which the production of sulfuric acid can be omitted 
if this is necessary. 

In accordance with the present invention, that 
object is achieved with a process of roasting refractory 
gold ores by means of oxygen-containing gases in fluidized 
bed having an upper portion and a lower portion, the 
process comprising the steps of; 

roasting the gold ores in a circulating 
fluidized bed system at temperatures from 500 to 750°C, the 
fluidized bed system comprising a fluidized bed reactor 
20 containing the fluidized bed; 

adjusting the temperature in the lower 
portion of the fluidized bed to be 4 to 30°C higher than 
the temperature in the upper portion of the fluidized bed, 
and 

causing the fluidizing gas to flow into the 
reactor at a velocity of 30 to 200 m/sec. 

According to a preferable aspect of the invention 
a method is proposed for roasting refractory gold ore in a 
fluidized bed which is located in a fluidized bed reactor 
30 above a perforated bottom which has numerous gas passage 
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openings, the fluidized bed having a lower part and an 
upper part, wherein air or air enriched with oxygen is 
passed upwards through the perforated bottom into the 
fluidized bed as fluidizing gas, the gold ore is roasted in 
the fluidized bed at temperatures of 500 - 750°C and 
solids-containing exhaust gas withdrawn from the reactor is 
passed through a cyclone to separate off solids, the method 
■ is characterized in that the roasting of the gold ore is 
effected in a circulating fluidized bed, with the solids 

10 concentration within the reactor constantly decreasing from 
bottom to top, that the solids-containing exhaust gas is 
passed from the reactor into the cyclone and the solids 
separated off in the cyclone are returned to the fluidized 
bed reactor in a quantity per hour which corresponds to at 
least 5 times the weight of the solids contained in the 
reactor, that the gold ore to be roasted is introduced into 
the fluidized bed at least 1 m above the perforated bottom, 
that the temperature in the lower part of the fluidized bed 
is set to 4 to 30°C higher than in the upper part of the 

20 fluidized bed and that the fluidizing gas emerges from the 
openings of the perforated bottom into the fluidized bed at 
velocities of 30 to 200 m/sec. 

The refractory gold ores which may be used may 
consist of ores or of concentrate. The oxygen-containing 
gases which may be used may consist of air or of oxygen- 
enriched air. The circulating fluidized bed system 
preferably consists of the fluidized bed reactor, the 
recycle cyclone, and the recycle line for recycling the 
solids collected in the recycle cyclone. The term "recycle 
30 cyclone" is applicable to one 
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recycle cyclone or to a plurality of recycling cyclones 
having gas paths connected In parallel. Fro* an -orthodox- 
flu idized bed, in which a dense pfcase is separated by a 
distinct density step from the overlying gas space, the 
fluidized bed used in accordance u,ith the invention differs 
in that the fluldized bed reactor contains states of dis- 
tribution having no defined boundary layer. There is no 
density step between a dense phase and an overlying dust 
apace , and the solids concentration decreases gradually In 
the reactor fro. bottom to top. The following regions .ill 
be obtained if the operating conditions are defLned by the 
froude and Archimedes numbers 

f 9 

0.1 < 3/4 . Fr 2 - ~- S« • 

and 

0,01 £ AT < 100 , 



jo g . V 



•v-2 



g . 4 k 
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the relative gas velocity in m/sec 

the Archimedes number ^ 

the Fraude number 

the density of the gas in kg/m* 

the density of the solid particles in kg/ro' 

the diameter of the spherical particles in m 

thB kinematic viscosity in mVaec 

the constant of gravitation in m/sec z 
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The suspension discharged from the fluidized bed 
reactor is fed to the recycle cyclone of the circulating 
fluidized bed system and substantially all solids are col- 
lected from said suspension in the recycle cyclone and are 
recycled to the fluidized bed reactor in such a manner that 
the weight of solids circulated per hour in the circulating 
fluidized bed system is at least five times the weight of 
the solids contained in the fluidized bed reactor. The 
temperature in the fluidized bed reactor is adjusted to a 
constant value mithin the stated range but the temperature 
in the lower portion of the fluidized bed is higher by the 
stated amount than the temperature in the uddbt portion of 
the fluidized bed. The higher temperature in the lower re- 
gion of the fluidized bed is achieved in that the ore is 
fed on a level which is spaced a predetermined distance of 
at least 1 meter above the bottom so that an atmosohere 
which is richer in oxygen is maintained below the feeding 
level and is oxidized to in said atmosphere. The 

Fe 2 0 3 enters the upper portion of the fluidized bed, where 
the atmosphere is poorer in oxygen, and is uartly reduced 
there to F^O^ and 13 then returned to the lower portion, 
where it is reoxidized. The oxidation of Fe-jD^ to Fe 2 0 3 
supplies part of the heat which is required in the process. 
The oxygen content of the fed qas is adjBated to a value 
which is close to the stoichiometric value related tD the 
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sulfur and carbon contents of the material. The tempera- 
ture difference between the lower and upper portions of 
the fluidized bed is a reliable measure of the ratio of 
Fe^O^ to FbjO^ if 1 the calcine which is discharged. The 
optimum ratio of maqnetite to hematite for the leaching 
with cyanide will be achieved by a selection of the proper 
temperature difference in the reactor for the feed material 
used. The temperature difference will be controlled by the 
oxygen content of the fed gases. The velocity of 30 to 
200 m/sec of the fluidizing gas is the velocity at which 
the fluidizing gas exits from the openings of the perforate 
bottom into the reactor. If the ore has a low catarific 
value, the fluidizing gas or a partial stream of the flui- 
dizing gas can be preheated by an indirect heat exchange. 
That preheating may be effected by the exhauBt gas from 
the circulating fluidized bed Bystem or by the discharged 
aollds. If the ore haB a low calorific value, a directly 
preheated secondary gas may be fed to the reactor above the 
perforate bottom and the oreheating may be effected in a 
separate fluidized bed cooler, which contains an orthodox 
fluidized bed. The hot calcine is discharged into that 
fluidized bed cooler and is cooled therein with oxygen-con- 
taining fluidizing nas. The oxygen-containing fljuidizing 
gas which has thus been heated is fed as secondary gas to 
the reactor of the circulating fluidized bed system. The 
fluidized bed cooler may alao contain cooling surfaces, 
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through which the fluidizing ga3 for the circulating fluii 
dized bed i3 passed and is thus preheated. If the circu- 
lating fluidized bed system is fed with a concentrate which 
has relatively high contents af sulfur and/or carbon, it 
will be necessary to dissipate heat from the fluidized 
bed. That dissipation of heat may be effected by cooling 
surfaces in the fluidized bed reactor or by a cooler for a 
circulated atream. That cooler for a circulated stream is 
a separate fluidized bed cooler, which contains a stationary 
fluidized bed and is fed with the solids collected in the 
recycle cyclone or part of said solids and is also fed 
with oxygen-containing ga9es 39 a fluidizing gas. The flui- 
dized bed contains cooling registers, which are flown 
through,- e.g., by water. The cooled solids or part of the 
cooled solids are recycled to the reactor of the circulat- 
ing fluidized bed system. The heBted fluidizing gas may be 
fed as a secondary gas to the Fluidized bed reactor of the 
circulating Fluidized bed system. The dissipation Df heet 
or a dissipation of part of the heat to be dissipated may 
also be effected in that the concentrate is fed aa an aque- 
our suspension to the fluidized bed reactor. The exit of 
the fluidizing gas at the stated velocity will mainly re- 
sult in the lower portion of the fluidizing reactor in a 
certain grinding action on the recirculated coarse solids. 
That grinding action will tsar open the pBrtly dense cover- 
ing layers of iron oxide on the surface of the oarticles 
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and in the outer portion of the pores of the particles 
and will result in an excellent leachability . At the same 
time the particle size ia reduced from, e.g., 50&<35 pm 
to 65%<35 pm. 

According to a preferred feature the temperature 
in the lower portion Qf the f.luidized bed in the reactor 
is adje-eted to be U to J !2°C higher than the temperature in 
the upper portion of the fluidized bed. A oarticularly good 
ratio of fe^O^ to Fe^O^ in the discharged calcine will be 
achieved by the adjustment of a temperature in that range. 

According to a preferred feature the fluidizing 
gas is caused to flaw into the reactor at a velocity of 
50 to 100 m/eec. A good grinding action will be achieved at 
a relatively low expenditure by the use of a velocity in 
that range. 

According to 3 preferred feature a Bulf ur-binding 
material is fed to the reactor at such a rate that a pre- 
dominant part of the sulfur content of the gold are will 
be bound. The sulfur-binding material which may ba used may 
consist of Ca-containing materials, such as limestone, CaO, 
and dolomite. Part of the desulf urizing agent may alterna- 
tively be contained in the aangus of the dtb. The SO,, which 
has been formed Is bound by the sulfur-binding material main- 
ly as a sulfate and/or sulfite of calcium; the proportion of 
sulfite will be low. If it is desired to bind most of the 
SO, by the Ca-containing material and to achieve a good 
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leachability , the temperature will be preferably be main- 
tained in the range from 650 to 75Q°C and particularly in 
the range from 650 to 700°C. Those temperature ranges are 
the optimum ranges for achieving a binding of the SD ? and 
as well as a goad leachability of the calcine. Part of the 
heat required for the reaction is also produced by the pro- 
duction of sulfate. 

Recording to a preferred feature the sulfur-bind- 
ing material is fed at a rate which is in excess of the rate 
that is required for binding the sulfur and most of the sur- 
plus is reacted to form CaO. In this manner the CaO required 
for adjusting the pH value for the leaching with cyanide 
can be produced in a desirable manner so that substantially 
Ibsb CaD or no CaO needs to be added for adjusting the pH 
value for the subsequent leaching with cyanide. 

According to a preferred feature, additional fuel 
is fed to the fluidlzed bed. Solid, gaseous o,r liquid fuelB 
may be fed to the fluidized bed. This will permit an economi- 
cal roasting also of gold ores uhich do not contain sulfur 
and/or coarbon in the amount required for the production of 
the heat uhich is required. 

According to a preferred feature, Bulf ur-binding 
material before beinq fed to the reactor of the circulat- 
ing fluidized bed is calcined in a seoarate fluidized bed 
and the resulting calcine is fed in a hot state to the reactor. 
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The separate fluidized bed may be constituted also by a 
circulating fluidized bed or by an orthodox fluidized bed. 
That feature will be particularly desirable if low-coat na- 
tural gas is available, uhfch owing to its high ignition 
temperature of at least 67Q°C and its low degree of com- 
bustion at the relatively low roasting temperatures cannot 
be used in the circulating fluidized bed. In such case part 
or all of the CaO which is required for binding the SO- 2 and/ 
or far adjusting the pH value is produced in the separate 
fluidized bed by calcination at, e.g., 950°C with the aid 
of natural gas and is fed at an elevated temperature to 
the reactor of the circulating fluidized bed system. As a 
result, the entire heat of sulf atization of the CaO will 
additionally be available for the roasting; that heat will 
usually be sufficient for an autothermic roasting procesB. 
In the bombination which is optimum as regards thermal ener- 
gy, a decomposition of CaC0 3 ia effected in such a manner in 
the separate fluidized bed and in the circulating fluidized 
bed for roasting that the rate at which CaCOj ia decomposed 
in the separate fluidized bed is just sufficient tD maintain 
an autothermic roasting in the circulating fluidized bed 
used for roasting. 

The invention will be described more in detail with 
reference to an example and a drawing. 

According to Figure 1 a metering pump 1 feeds the 
material to be processed into the distributor pot 2. The 
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concentrate suspension is uniformly fed through downcomers 
3 into the lower portion of the reactor of the circulat- 
ing fluidized bed system. Atmospheric air as an oxidizing 
and fluidizing gas is fed by the fan 5 intD the windbox 6 
associated with the reactor l* and flows from there through 
the perforate bottom 7. The suspension of oxidized solids 
(calcine) and roaster exhaust gas is discharged from the 
reactor U and ia fed tD the recycle cyclone 8 of the cir- 
culating fluidized bed system. Substantially all solids are 
removed from said suspension in said cyclone and are re- 
cycled to the reactor h through the recycle line 9 and the 
fluidized seal pot 10. Calcine is continuously • withdrawn from 
the fluidized seal pot 10 through the discharge line 11. The 
dust-laden roaster exhaust gas which leaves the recycle 
cyclone S is fed in the gas line 12 to means for cooling, 
deduHting and further processing. The flow control valve 13 
is used for a supply of water at a metered rate to the con- 
centrate slurry to be fed. The rsactor h has a height of 
25 m above the perforate bottom 7 and the douincomers 3 effect 
a feeding on a level which is U meters above said bottom. 
EXAMPLE 

A refractory pyrite ore concentrate is used, which 
contains UQ g gold per 1000 kg and 33.3% sulfide sulfur, 
which is present as pyrite. The particle size amounts to 
d 50 = 30 pm and 100% 200 urn . In an aqueous slurry contain- 
ing 70% solirfs, concentrate at a rate of 2£i,D00 kg/h is fed 
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intD the reactor U through the downcomers 3. Air at a tem- 
perature of 60°C la fed under a pressure of 1.2 bara at a 
rate of 37,000 9m 3 /h (sin* = standard cubic meter) into the 
windbox B. The air flows at a velocity of 60 m/sec through 
the ooenings of the perforate bottom 7. The temperature 
amounts to 650°C in the lower portion of the reactor and to 
6U2"C in its upper portion. The rate at which air is fed is 
controlled to effect a near-atoichiometric combustion. The 
oxygen content in the upper portion of the reactor is 0.5%. 
In the calcine discharged through the discharge line 11 the 
ration of to Fe.^ equals *t : 1 . The content of sulfide 

sulfur is 0.2%. A gold yield of 95% is achieved in the fur- 
ther processing. The roaster exhaust gas in line 12 contais 
U.8% 50 2 and < 0.5% oxygen. 

The advantages afforded by the invention reside in 
that a formation of covering layers of iron oxidB on the 
particles will substantially be avoided owing to the grinding 
action. Besides, an optimum ratio of to f"e 2 0 3 in the 

calcine can exactly be achieved and sulfur and carbon are 
substantially completely combusted so that the resulting 
calcine has very good leaching properties. Fluctuations in 
the chemical compositon of the ores can be detected immediate- 
ly and the pregiven temperature difference in the reactor 
can be re-established by a correction of the rate at which 
oxygen is injected. By an addition of sulfur-binding agents 
the BOr, content of the exhaust gas can be decreased to such 
low values that a succeeding plant for producing sulfuric 
acid will not be required. 
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CLAIMS 

1. A process of roasting refractory gold ores 
by means of oxygen-containing gases in fluidized bed having 
an upper portion and a lower portion, the process 
comprising the steps of; 

roasting the gold ores in a circulating 
fluidized bed system at temperatures from 500 to 750 °C, the 
fluidized bed system comprising a fluidized bed reactor 
containing the fluidized bed; 

adjusting the temperature in the lower 
portion of the fluidized bed to be 4 to 30°C higher than 
the temperature in the upper portion of the fluidized bed, 
and 

causing the fluidizing gas to flow into the 
reactor at a velocity of 30 to 200 m/sec. 

2. A process according to claim 1, characte- 
rized in that the temperature in the lower portion of the 
fluidized bed is adjusted to be 4 to 12°C higher than the 
temperature in the upper portion of the fluidized bed. 

3. A process according to claim 1 or 2 , charac- 
terized in that the fluidizing gas is caused to flow into 
the reactor at a velocity of 50 to 100 m/sec. 

4. A process according to claim 1, 2 or 3, 
characterized in that a sulfur-binding material is fed to 
the reactor at such a rate that a predominant part of the 
sulfur content of the gold ore is bound. 
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5. A process according to claim 4, characte- 
rized in that the sulfur-binding material is fed at a rate 
which is in excess of the rate that is required for binding 
the sulfur, thereby providing an excess of sulfur-binding 
material which reacts to form CaO. 

6. A process according to any one of claims 1 
to 5, charactetized in that additional fuel is fed to the 
fluidized bed. 

7. A process according to any one of claims 4 
to 6, characterized in that sulfur-binding material before 
being fed to the reactor of the circulating fluidized bed 
is calcined in a separate fluidized bed and the resulting 
calcine is fed in a hot state to the reactor. 

8. A method for roasting refractory gold ore in 
a fluidized bed which is located in a fluidized bed reactor 
above a perforated bottom which has numerous gas passage 
openings, the fluidized bed having a lower part and an 
upper part, wherein air or air enriched with oxygen is 
passed upwards through the perforated bottom into the 
fluidized bed as fluidizing gas, the gold ore is roasted in 
the fluidized bed at temperatures of 500 - 750°C and 
solids-containing exhaust gas withdrawn from the reactor is 
passed through a cyclone to separate off solids, 
characterized in that the roasting of the gold ore is 
effected in a circulating fluidized bed, with the solids 
concentration within the reactor constantly decreasing from 
bottom to top, that the solid-containing exhaust gas is 
passed from the reactor into the cyclone and solids 
separated off in the cyclone are returned to the fluidized 
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bed reactor in a quantity per hour which corresponds to at 
least 5 times the weight of the solids contained in the 
reactor, that the gold ore to be roasted is introduced into 
the fluidized bed at least 1 m above the perforated bottom, 
that the temperature in the lower part of the fluidized bed 
is set to 4 to 30°C higher than in the upper part of the 
fluidized bed and that the fluidizing gas emerges from the 
openings of the perforated bottom into the fluidized bed at 
velocities of 30 to 200 m/sec. 

9. A method according to claim 8, characterized 

in that a sulphur-binding material is added to the reactor 
and the quantity is set such that the sulphur content of 
the gold ore is predominantly bound. 

10. A method according to one of claims 8 or 9, 
characterized in that additional fuel is introduced into 
the fluidized bed. 

11. A method according to claim 9, characterized 
in that the sulphur-binding material is calcined in a 
separate fluidized bed before being used in . the reactor and 
the calcined product is passed into the reactor in the hot 
state . 



